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LJSC of robotic balloons, or aerobots, is
king planned for mobile exploration of
planets. III this paper we focus on the
clcvclopmcnt of balloon envelopes for the.
thrm classes of balloons which are. being
considcrccl.  The type of balloon depends on
the planetary environment in which the.
acrobot has to operate and on mission
rcquircmcnts.

Venus acrobots  will usc the hot Venus
surface to evaporate balloon fluids to provide.
buoyancy; in the upper cooler atmosphere
the fluid condcnscs, allowing the Ic-descent
of tk acrobot. Structural (iesign  and material
systems capab]c  of surviving the hot,
corrosi vc environment have been identified
md tcs[c(i. l;nvelope  configuration, an(i
fabrication and assembly techniques arc yet to
bc cicmonstrakci.  “J’itan acrobots will LISC the
same approach, but the mission environment
rcqu ircs opcrat  ion at cryogenic temperatures.

1 ;OI planning a Mars 2001 mission, rcsu]ts of
the car]icr }~rcnch/Russian  stuciies, as weli as
the US tcrrmt rial high alt it udc{;  balloons
c.xpcricncc  are being usc(i. Mars acrobots
wili usc ovcrprcssurc ba l loons  wi thout
lan(iing capability. Required aciciitional
stuciics on cicsign anti materials have been
i(icntificd.

Recent JPI, studies have shown that for outer
gas planets (Jupiter, Saturn, lJranus and
Neptune), the usc of ]nfrarcd Montgo]ficrc
(lRM) appears promising. IRM balloons
have been dcmonstratc(i  in terrestrial flights;
they are hot gas balloons that capture infr’arc(i
radiation from the planet, ‘1’hc balloon
envelope clcvelopmcnt.  challenges inclucic
thermal clcsign  along with the idcntificatioIl
of materials with appropriate physical, an(i
thermal anti optical properties.

Jmtlo(hlctigl

LJsc of robotic balloons, or acrobots,  is
being ~lanncd for mobile exploration of
planets . in this paper we focus on the
cicvclopmcmt  of balloon envelopes for the
three classes of balloons which arc being
consicicre(i,  The type of balloon clepcn(is on
the  pkmctary c.nvironmcnt in  which  the
acrobot has to operate. ami on mission
requirements, Mission sccmrios arc cictai]c(i
c]scwhcrc.

l;or V e n u s  an(i ‘1’itan,  acrobots  wili usc a
balloon alt itu(ic  control concc.pt2~4  whereby a
fluici is evaporated in the lower, warmer
atmosphere, thus filling a balloon an(i
generating buoyancy for ascent. ‘1’hc ftui(i
comicnscs  in the. upper, cooler atmosphere,
thus (iccrcasing buoyancy an(i allowing re.-
(icsccnt. ‘1’hc fcasibi]it y of altitu(ic  control
was (iclllonstratcci in terrestrial flight
expcrimcntss.
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l~or a Mars 2001 mission, the acrobot will
have a “constant” density altitll(tc
supcrpressLlrc  balloon capab]c of carrying a
10 kg payloacl,  and no landing capability’ .
‘1’hc dcvclopmcnt  p r o g r a m  lcvcragcs  t h e
earlier 1 ‘rench/Russian  stuctics for a now
defunct Mars 98 balloon mission, and the
NASA cxpcrirmce  in terrestrial high altitude
balloon tcchno]ogy.

Rcccnt  JP1. studies have shown that for the
outer p]ancts  (J~lpitcr,  Satl]rn, lJranus,  and
Neptune,) the use of lnfrarcd Mon olficrc‘?(JRM) balloons appears promising . lf<M
balloons bavc been demonstrated by CNJN
in 30 successful terrestrial flights~. 1/01”
J u p i t e r ,  JPI. thermal  models  preciict  the
fcasibi]ity  of achieving a gross buoyancy of
30 kg, with a pay]oaci of 10 kg or more,
(ie.pcndi  ng on the weight  of the balloon.

‘1’hc high surface temperature (740 K),
]MCSSUIC  (95 bars) and corrosive sulfuric acid
clouci  droplets (I;ig. 1 ) arc a challcngc  to
space systems ant] science instruments.
Venus acrobots  will use the Venus surface
beat to evaporate fluids to fill a balloon on the
surface , thus assisting ascent to the cool
upper atmosphere. The acrobot will then bc
cooled aIId the balloon fluid will condcnsc,
allowing rc-descent of the aerobot,

/
(fig. 1: V(’1IUS lhvir~nnlcnt)

Mission architectures under stucly  consider
acrobots  that remain at fixed a]titudcs, or
undergo cyclic operations from high altitude
(50 to 60 km) to low altitu(ics  for surface
imaging, as WC.11 a s near surfiacc
rcconnai  ssancc and pcrioclic in situ surface,
lllcaslll.cl~lc.l~ts. Although each mission
architecture will have somewhat different
rcquircmcnts,  the ~encral issues Dcr[aining  to
thi environment w-ill bc similar.’ II) all c&

materials systems sc.tcctcd  for the balloon
Cnvc]opc need to meet the, followil]g
preliminary functional rcquircmcnts:
●

●

b

●

●

●

●

storage. in a tight pac.kagc
survival of balloon deployment
resistance to the environment
(tcmpcraturc, IJV, acid clouds,
pressure)
low absorptivity/mlissivity  ratio
compatibility and 10 w pe.rmcabi lit y to
altitude control fluids, e.g., mcthylcnc
chloride, ammonia, water, h ydrazinc
and others
maintaining structural integrity
(tcm[jcraturc  excursions bctwccn  270 and
740 K)
available ant] affordab]c

‘1’0 date, acrobot con;cp(ua]
dcvclopccl, e.g., scc , and

designs were
film and fiber

materials that meet rcc]uircments  have bccll
idcmtificcl  ancl tc.ste.d]o.

Af[cr evaluating several materials on the
market, polybcnmxaz,o]c  (H;())  was sclcctccl
as the leading candidate that could meet
requirements. I)ow Chemical Corp.
t ran.sferrccl  its production capability to
Toyobo CO., ] J(I., and will concentrate on
fiber manuf~cturing  technology. liostcr-
Millcr Corp. i s  clcvcloping  tcchno]ogy  fo~
the production of biaxially oricntcci  PBO
films. A summary of 1’110 properties is
given in l<ig. 1.

( fig 2)

‘JIIc fabrication of the balloon envelope
composi te  fabr ic  wi l l  rcc]uirc  a high
tcmpcraturc coating/scaltint and a high
tcmpcralurc  aclhcsivc scaler for laminating a
1’110 film onto a PI]() fabric. ‘1’his composite
envelope configuration will satisfy structural
and permeability rcquircmcnts. It will



qrc u ire., however, a n  a(iclitional  oLItcr
mating for protection from acid CIOUCIS; a
gold coating is the likely candiclatc.

‘]’hc fabricxition technology remains to be
clcvclopcd. l~abrication details will depend
on optimisation balloon design stuc]ics. ‘1’hcse
will consider variations in material
properties that can be , clctermim  during
fabrication, e.g., film biaxiallity. stLIciics
that nccc] to bc performed will include
parametric radiative analyses, parametric
[hcrmal  performance anal yscs, balloon
mass/volun~c requirements for dcsirccl
pay]oacls  ancl material testing in support of
above analyses.

1 ‘or a ‘J”itan acrobot  nlission4 a fluic] phase,
change balloon is being considered. A mode.1
of Titan’s atnlosphcre4  (I:ig. 3) sugges ts
argon (or a mixture with argon) as the
revc.rsiblc balloon fluid. ~lcarly, the
environmental conditions are ~t}] eoposite
cxtrcmc of those for Venus. I’hc materials
for the balloon envelope will have to function
at cryogenic temperatures ancl no talloow
losses of argon a highly permeable gas.

‘1’hc dcvclopmcnt  of this acrobot  will rely on
the experience gained cluring studies for (he
now cicfunct ]knch-]<ussi  an Mars 1996
balloon mission’ ]; these  stuciics incluc]ccl
terrestrial clcmonstration flights.
Ncverthc]ess, a number of structural ancl
material issues rennin to be rcso]vcd.

IJcsign issues inc]udc cnvc]opc  robustness in
orcicr to sLlrvivc  temperature. excursions
(down to 160 K), the.rma] performance aJld
ability to withstanci  clcploymcnt  ancl infla[ion
Stlcsscs. Othcr environmental factors ale:
possible high sLlrface winds, increases in
ovcrprcssLlre  clue to insLllation.

A  major technological challcngc  i s
overcoming the cffc.cts of flLlctLlations  in
thcmlal/radiative  characteristics that inflL1cnce
the, performance of the ball oot].. ‘1’he impact
c)f the radiative properties of varjous  coatings
cm ba l loon  ten~pcratLwe and c1 i ffercnt ial
prcssLlrcs  for the given radiative and
atmospheric conciit  ions wi 11 bc estimated by
means of parametric St Lldics. I;urlher,
parametric analyses will be pcrformccl on
effects of (IIC environment on balloon
tcmpcrat m, differential pressure, and
altitucle  excursions; assess Iecplircnlctns 10
hccesary  to prevent the a Iaerobot  f rom
impacting the sLlrfacc. \..

( f i g  3 Titan atmosphcn-c)

_M_:JJ:S

1 ‘or a Mars mission the fluicl phase. change
balloon concept is impractical because of the
cxtrcmcly  rarificcl  atmosphere; 110 USCfLl]
payloac] COLIICI  be flown. lnstcacl, a
constant cknsit y altitude sLq>crpcssLwc  bal ICJOII
systcm without landing capability is being
consiclcrccl. A cy]indrica] ba]]oon with a
cliamctcr  of 18 m having a volume of about
2,400 m~ WOUIC1  be capable of carrying a 10
kg gcmciola  with a 3-4 kg science. J~ayload6.
Mylar is the base-line material of construction

A phase-change fluic]  is not practical for~.outer
gas p]ancts because they arc at least 80 %
hyclrogcn, wi[h the remaining atmosphere
b e i n g  primari]y hc]ium. “J’hus in orclcr t o
float a 10 kg payloacl in the Jovian
at mosphcre  approxi matcl y 1000 kg woLIld be
nmcicc] for the h ycirogcJI,  balloons, t ankagc,
pllasc-change  fILlicls.,  ancl entry-vchicle7.

JI)I . StLldiCS ShOWCC~ , }lowcver, that light
weight controllable balloon systems Llsing
lc)wcr  pkmctary radiation heating appear
fcasib]c for the outer plancts7  . ‘J’hc fcasibity
o f  flying ]nfrarccl  Mongolficrc  (lRM)



balloons was demonstrated by a series of
fligb(s by the l-;rench~.

Rcccnt  analyses at JP1. show that lf<M
tccnolog~  appears very rclcvan[ for missions
to the giant gas planets. “l’he increascc]
cmvcct ivc hydrogen cooling of the outer
gas planet balloons appear to bc more than
compensated by, by the radiative I’q hcatingat
planet’s Iowcl: “a]tituclcs, thus allowing
opcrat  ion at altitLdes corresponding to 0.3
bar or lowcr7. A sketch of the I~rcnch  IRM
balloon is shown in Figure 4, and typical
altituclc,s  attained are shown in };igurc  S.

‘1’hc reau]ts from the thermal  model ing
studies will gLlicie the design if [he. balloon
and the selccrion of materials of constrLlction
(envelope materials, infrared absorber
coatings, and reflector coatings.)

I’hcsc stuctie.s  will bc fol]owcd by similar
stLdics fol other gas planets (SalLlrn, ““ranus
an(i Neptune.)

l’ig 5

A Jupiter IRM would rely on the intcmal
radiatcct Jupiter II? IUX to heat ambient
balloon atmosphere. ~hc cicnsity of  the
Jupiter’s a[mospherc  at about 5 bar lcve.1
(27 1 K) is about cclual  to Earht’s atmosphei
cat 0.35 bar, or the range whex ethc. IJrcnch
balloons floated. JP1. thcmal moclc.]s  predict
for a balloon 15 m in diameter ami weighing
about 20 kg the feasibility of a gross
buoyancy of about 30 kg or payload of 10
kg.

in the near future thcrma]  d]loclclinstadic swill  )
bc pcrformccl to prectict  performance in the
Jovian atmosphere. Atmospheric models will
bc update(l with the clata  from the Galileo
probe .
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